Evaluation of two different reinforcing materials used with silicone auricular prostheses  by Abd El-Fattah, M.Y. et al.
Available online at www.sciencedirect.comScienceDirect
Tanta Dental Journal 10 (2013) 31e38
www.elsevier.com/locate/tdjEvaluation of two different reinforcing materials used
with silicone auricular prostheses
M.Y. Abd El-Fattah a,*, H.M. Rashad a, N.A. Kashef a, M.A. El Ebiary b
aProsthodontics Dep., Faculty of Dentistry, Tanta University, Egypt
bBiomaterial Dep., Faculty of Dentistry, Tanta University, EgyptAbstractObjective: Clinical and laboratory evaluation of the effect of addition of polyurethane sheets or polypropylene fibers as reinforcing
materials to silicone that was used in auricular prostheses.
Materials and methods: Fifteen patients with a history of acquired auricular defects were divided into three equal groups. Group I
patients received silicone prostheses (control group), Group II patients received silicone prostheses lined with polyurethane sheets,
andGroup III patients received silicone prostheses reinforcedwith polypropylene fibers. The final prostheses weremade frommedical
grade silicone rubber (RTV, MDX4-4210). The basic principles for construction of successful auricular prosthesis were followed.
Results: Clinical evaluation of this study revealed an acceptable and well tolerated use of modified silicone ear prostheses either
silicone lined with polyurethane sheets or silicone reinforced with polypropylene fibers.
Conclusion: None of the tested prostheses showed any clinically detrimental effects on the underlying tissues. Reinforcing silicone
with polyurethane sheets and polypropylene fibers improved the tear strength, tensile strength and modulus of elasticity thus
providing better marginal integrity and durability of prostheses. Addition for modifying the silicone as a famous maxillofacial
prosthetic material seems to be an active area for further researches.
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The demand for prosthetically restoring lost facial
parts and tissues congenitally or due to trauma, tumors
or disease is dramatically increasing [1]. Surgical
reconstruction may be limited by the availability of
tissue, the compromise of the local vascular bed by
radiation in tumor patients, the need for periodic visual
inspection of an oncologic defect, and the physical
condition and age of the patient. While prosthetic
restoration may be limited by the inadequate materialthe Faculty of Dentistry, Tanta University.
01
Fig. 1. Erythematous changes of skin underlying Group I after six
months.
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beds, difficulty in retaining large prostheses, and pa-
tient acceptance [2]. The success of facial prostheses
depends on various factors such as stability, support,
and retention. Retention is of primary importance and
methods of retention fall into 4 categories: anatomical,
mechanical, adhesives, and implant [3].
Prosthetic materials replacing facial tissues must
meet specific biological and mechanical standards,
biocompatibility, color stability, marginal adaptability,
texture and softness are some of the desirable
requirement [1]. Although many maxillofacial mate-
rials are available as polyvinyl chloride (PVC), poly-
urethane, acrylic resin, and silicones, the ideal material
for replacing living movable tissues has not been
found. Silicone, however, has been judged to be one of
the best and most widely used materials [4].
In most of the cases facial prostheses should have
very thin margins to blend with the skin, thus pro-
ducing acceptable esthetic results. The tear strength of
the material used is therefore of paramount clinical
importance. Although the tear strength of silicone has
been found acceptable when compared to other mate-
rials, it is still considered weak and the material can
easily tear with continuous use [1]. Several researches
were carried out to study the effect of adding some
reinforcing materials to the silicone maxillofacial ma-
terial in a trial to improve its physical and mechanical
properties. Thus this research was conducted to eval-
uate the effect of addition of polyurethane sheets or
polypropylene fibers as reinforcing materials to sili-
cone that was used in auricular prostheses.
2. Materials and methods
Fifteen patients with a history of acquired, total
auricular defects having general acceptable healthy and
hygienic skin, not receiving any radio- or chemo-
therapy for at least one year, also with good physical
and mental conditions. For all the patients with auric-
ular defects, bilateral auricular impressions were made
for each patient to include both the defect side and
normal ear using irreversible hydrocolloid impression
material. The technique used for sculpting in this study
was the sculpting of the ear from the beginning. A
three-part mold was necessary to achieve easy place-
ment of the silicone. The final prosthesis was made
from clear to transparent, high strength, medical grade
silicone rubber (RTV, MDX4-4210)1 giving it a very
natural appearance. For group I, silicone was packed1 Factor II, Inc., Lakeside, Ariz., USA.onto the mold directly without lining, so that, the tissue
surface of the prostheses was only silicone. For group
II prostheses with polyurethane sheets2 lining were
prepared following the technique described by Lemon
et al. (1992). For group III patients, polypropylene fi-
bers3 were prepared and added to silicone in ratio of
3w% according to Amin and Omar (1994) [5]. Clinical
evaluation was performed before prostheses insertion,
one month, three months, and six months after inser-
tion, and involved examination of the skin underlying
the prostheses; recording of any sign of pain,
discomfort, burning sensation and/or tenderness, and
detection of any sign of ulceration or inflammation,
and the data collected were recorded following the
indices described by Loe and Silness (1963) [6] and
Loe(1967) [7]. Laboratory evaluation involved evalu-
ation of the ultimate tensile strength, percent elonga-
tion, modulus of elasticity, and tear strength of silicone
maxillofacial material and compare the effect of add-
ing polyurethane sheets or polypropylene fibers as
reinforcing materials to silicone maxillofacial material.
All data were collected and statistically analyzed.
3. Results
3.1. Clinical results
Clinical evaluation of this study revealed an
acceptable and well tolerated use of modified silicone
ear prostheses either silicone lined with polyurethane
sheets or silicone reinforced with polypropylene fibers.
When comparing the skin texture underlying the
prostheses in the three groups to the surrounding
normal skin texture, no remarkable changes were
noted. However, a slight change in color was seen in all2 Stalite, Sta-zac, Brooklyn, N.Y. 11207.
3 Egypt company for polyester fibers, Kafr Al-Dewar, Egypt.
Fig. 2. Color changes & tears at the margins of Group I prosthesis
after six months.
Fig. 4. The marginal integrity of Group III prosthesis after six
months.
Table 1
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three and six months. Figs. 1e4. The skin underlying
the prostheses in all groups was slightly erythematous
when compared to the surrounding facial skin.
The signs of pain, discomfort, burning sensation and
tenderness assessed for the three groups after one
month, three, and six months are shown and statisti-
cally analyzed in Table 1.
3.2. Dermal index findings
The level of hygiene was assessed and scored using
the dermal index, Table 2 after one month, three, and
six months respectively declaring insignificant differ-
ence (P < 0.05).
3.3. Laboratory study
Tables 3e6 and Figs. 5e8 show that there were
statistical significant differences between all groups at
5% level (P < 0.05) for ultimate tensile strength,
percent elongation, modulus of elasticity, and tearFig. 3. The marginal integrity of Group II prosthesis after six
months.strength just after construction of the specimens, after
one month, three and six months respectively.
4. Discussion
The clinical results of this study revealed that
although the tissue surface of the prostheses lined by
polyurethane sheets (group II) was much smoother
than silicone (groups I) and silicone with poly-
propylene fibers (groups III), no signs of pain,
discomfort, burning sensation or tenderness were
recorded for patients in the three groups after one
month. However, after three months, a slight discom-
fort, burning sensation and tenderness were recorded
for patients in the groups I and III. These changes were
not recorded in group II patients. After six months,Pain, discomfort, and burning sensation for the different groups after
one, three, and six months from the insertion of the prostheses.
Groups Clinical signs & symptoms
Pain Discomfort Burning
sensation
Tenderness
I After one month
After three months þ þ þþ þ
After six months þþ þþþ þþþ þ
II After one month
After three months þ
After six months þ þ þ þ
III After one month
After three months þ þ þþ þ
After three months þþ þþ þþþ þþ
___: No signs.
þ: Mild.
þþ: Moderate.
þþþ: Severe.
Table 2
Shows the dermal index assessed for the three groups. After one month, three months and six months after insertion of the prostheses.
Group Subject No.
1 2 3 4 5 Mean  SD Kruskal Wallis test
(P-value)
ManneWhitney 1
(P-value 1)
ManneWhitney 2
(P-value 2)
After one month I 2 1 0 2 1 1.20  0.84 4.900 (0.086) e e
II 0 0 1 0 1 0.40  0.55 1.565 (0.118) e
III 1 2 1 2 1 1.40  0.55 0.346 (0.729) 2.154 (0.031)
After three months I 1 2 0 1 2 1.20  0.84 1.112 (0.573) e e
II 1 0 1 2 1 1.00  0.71 0.454 (0.650) e
III 2 3 2 1 0 1.60  1.14 0.657 (0.511) 0.986 (0.321)
After three months I 2 3 1 2 1 1.80  0.84 2.939 (0.230) e e
II 1 0 1 2 1 1.00  0.71 1.469 (0.142) e
III 1 2 3 1 2 1.80  0.84 0.000 (1.000) 1.469 (0.142)
Significant at 5% level. P < 0.05.
ManneWhitney 1 compares each group with group 1. ManneWhitney 2 compares each group with group 2.
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and tenderness in the groups I and III patients and these
changes were recorded in group II patients but in a
lesser degree. This can be explained by the frictional
irritation the prostheses impart on the underlying skin
during placement and removal, together with the lack
of proper aeration throughout the wearing period.
Irritation might also be caused by the continuous use of
adhesives.
The dermal index scores of the three groups after
one month, three months, and six months after inser-
tion at 5% level were insignificant (P > 0.05). This
indicates that the slightly roughened silicone tissue
surface does not have a clinically significant harmful
effect. The slight irritation was however not clinically
damaging. This was in accordance with El-Shimy et al.
2001 [8].
Marginal deformation and slight tears were found
only in two of group I patients. Prostheses in groups IITable 3
Mean values and standard deviations of the mechanical properties studied f
Groups Mechanical properties
Ultimate tensile strength
(kg/cm2)
Perc
I Mean (þSD) 7.80 (0.19) 457.
II Mean (þSD) 15.55 (0.31) 400.
III Mean (þSD) 10.84 (0.20) 190.
Kruskal Wallis test (P-value)* 12.510 (0.0020)* 15.5
G1-G2 ManneWhitney 1.698 2.6
P-value 0.0014* 0.00
G1-G3 ManneWhitney 2.170 1.9
P-value 0.0010* 0.00
G2-G3 ManneWhitney 1.760 2.4
P-value 0.0013* 0.00
*Significant at 5% level. P < 0.05.and III showed high marginal adaptation with no evi-
dence of deformation or tear throughout the study. This
can be explained by the high tear resistance rendered
when reinforcing silicone with polyurethane sheets
or polypropylene fibers. The improved marginal
adaptation of prostheses in groups II and III can also be
explained by the high modulus of elasticity values
obtained when silicone was reinforced with poly-
urethane sheets or polypropylene fibers compared to
non-reinforced silicone in group I. The tissue surface
of prostheses in groups I became darker with time.
This can be explained by the fact that silicone has a
rough surface imparted to it from the dental stone
mold. The surface is a good medium for bacterial and
fungal growth giving it a darker color. The surface of
the polyurethane lined prostheses (group II) was very
smooth thus easier to clean and less likely to harbor
bacteria and fungi. It therefore maintains its color. The
surface of silicone reinforced with polypropyleneor the different groups after construction of the specimens.
ent elongation (%) Modulus of elasticity
(kg/cm2)
Tear strength
(kg/mm)
70 (6.52) 2.37 (0.28) 1.21 (0.09)
43 (8.04) 5.03 (0.58) 1.9225 (0.11)
08 (2.13) 6.94 (0.79) 3.2907 (0.19)
70 (0.0009)* 12.866 (0.0016)* 13. 503 (0.0010)*
11 1.540 1.854
07* 0.0015* 0.0012*
63 1.760 1.698
10* 0.0013* 0.0014*
43 2.051 2.170
09* 0.0011* 0.0010*
Table 4
Mean values and standard deviations of the mechanical properties studied for the different groups after one month of construction of the specimens.
Groups Mechanical properties
Ultimate tensile strength
(kg/cm2)
Percent elongation (%) Modulus of elasticity
(kg/cm2)
Tear strength
(kg/mm)
I Mean (þSD) 7.34 (0.18) 430.24 (6.13) 2.23 (0.26) 1.14 (0.08)
II Mean (þSD) 14.62 (0.29) 378.02 (5.31) 4.72 (0.54) 1.80(0.11)
III Mean (þSD) 10.19 (0.19) 178.68 (2.01) 6.53 (0.75) 3.08 (0.18)
Kruskal Wallis test (P-value)* 13.207 (0.0010)* 14.730 (0.0008)* 12.656 (0.0017)* 12.530 (0.0020)*
G1-G2 ManneWhitney 1.570 2.170 1.698 1.760
P-value 0.0013* 0.0010* 0.0014* 0.0013*
G1-G3 ManneWhitney 2.443 1.540 1.854 1.963
P-value 0.0009* 0.0015* 0.0012* 0.0010*
G2-G3 ManneWhitney 1.854 2.051 2.443 2.611
P-value 0.0012* 0.0011* 0.0009* 0.0007*
*Significant at 5% level. P < 0.05.
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easily and less likely to harbor bacteria and fungi. It
also therefore maintains its color.
In the present study, statistically significant differ-
ences were observed among the three groups at 5%
level. Non-reinforced silicone MDX4-4210 (group I)
showed the lowest tensile strength values which were in
agreement with those reported by Woldfaardt et at.,
(1985) [9]. Silicone reinforced with polyurethane sheets
exhibited the highest tensile strength. The values were
however higher than those reported by Gonzalez et al.,
(1978) [10]. Reinforcing silicone with polyurethane
sheets therefore greatly improves its tensile strength,
while polypropylene fiber reinforcement improves the
tensile strength at a lesser degree. The ultimate tensile
strength was decreased by time throughout the evalua-
tion period for all the groups. This was in agreement
with those reported by Haug et al., (1999) [11] andTable 5
Mean values and standard deviations of the mechanical properties studie
specimens after three months of construction of the specimens.
Groups Mechanical properties
Ultimate tensile strength
(kg/cm2)
Perc
I Mean (þSD) 6.95 (0.17) 407.
II Mean (þSD) 13.84 (0.28) 365.
III Mean (þSD) 9.64 (0.18) 169.
Kruskal Wallis test (P-value)* 12.914 (0.0015)* 13.5
G1-G2 ManneWhitney 1.760 1.8
P-value 0.0013* 0.00
G1-G3 ManneWhitney 1.964 1.7
P-value 0.0010* 0.00
G2-G3 ManneWhitney 2.615 2.6
P-value 0.0007* 0.00
*Significant at 5% level. P < 0.05.Andres et al., (1992) [12]. Also the percent elongation
for group I and II easily fell within the range standards
of Lewis and Castlebery and Lewis (1980) [1]. Silicone
reinforced with polypropylene fibers showed the lowest
percent elongation and fell below the standards of Lewis
and Castlebery and Lewis (1980) [1].
The percent elongation decreased by time
throughout the evaluation period for all the groups
which was in agreement with those reported by Haug
et al., (1999) [11] and Andres et al., (1992) [12].
Regarding the elastic modulus, it was found that
there was a decrease in the modulus of elasticity in
group I than that of the reinforced groups II and III.
Reinforcement with polyurethane sheets increased the
elastic modulus, while silicone reinforced with poly-
propylene fibers exhibited the highest modulus of
elasticity. This was in consistence with previous
studies that used polypropylene fibers to reinforced for the different groups after three months of construction of the
ent elongation (%) Modulus of elasticity
(kg/cm2)
Tear strength
(kg/mm)
35 (5.80) 2.11 (0.25) 1.08 (0.08)
99 (13.50) 4.48 (0.51) 1.71 (0.10)
16 (1.89) 6.18 (0.71) 2.92 (0.17)
20 (0.0013)* 12.476 (0.0019)* 14. 003 (0.0011)*
54 1.963 1.540
12* 0.0010* 0.0015*
62 1.698 2.055
13* 0.0014* 0.0011*
50 2.443 2.170
06* 0.0009* 0.0010*
Table 6
Mean values and standard deviations of the mechanical properties studied for the different groups after six months of construction of the specimens.
Groups Mechanical properties
Ultimate tensile strength
(kg/cm2)
Percent elongation (%) Modulus of elasticity
(kg/cm2)
Tear strength
(kg/mm)
I Mean (þSD) 7.822 (0.19) 384.47 (5.48) 1.99 (0.24) 1.01 (0.07)
II Mean (þSD) 15.569 (0.31) 337.81(4.75) 4.23 0.48 1.61 (0.10)
III Mean (þSD) 10.846 (0.20) 159.80 (1.75) 5.83 (0.67) 2.76 (0.16)
Kruskal Wallis test (P-value)* 12.855 (0.0016)* 13.570 (0.0010)* 12.640 (0.0018)* 13. 001 (0.0012)*
G1-G2 ManneWhitney 1.963 2.443 1.678 1.750
P-value 0.0010* 0.0009* 0.0014* 0.0013*
G1-G3 ManneWhitney 1.688 2.170 1.854 1.540
P-value 0.0014* 0.0010* 0.0012* 0.0015*
G2-G3 ManneWhitney 1.698 2.611 1.963 2.051
P-value 0.0014* 0.0007* 0.0010* 0.0011*
*Significant at 5% level. P < 0.05.
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addition of fibers to the elastomer acted as fibrous solid
filler, which increased the elastic modulus and tear
strength. However, all materials were accepted clini-
cally as they possess sufficient flexibility and elasticity
to approximate human tissue.0
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which could be attributed to the high elastic modulus of
the fibers as previously mentioned.
Although reinforcing silicone with polyurethane
sheets provided many advantages, the lengthy sophis-
ticated laboratory technique is still a limitation. The use
of polypropylene fibers to reinforce silicone was sug-
gested to overcome the laboratory steps associated with
polyurethane sheet linings. However, the difficulty in
preparing the fibers is still an evident limitation.
5. Summary & conclusion
e None of the tested prostheses showed any clini-
cally detrimental effects on the underlying tissues.
e Reinforcing silicone with polyurethane sheets and
polypropylene fibers improved the tear strength,tensile strength and modulus of elasticity thus
providing better marginal integrity and durability
of prostheses.
e Addition for modifying the silicone as a famous
maxillofacial prosthetic material seems to be an
active area for further researches.
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